Abstract Alpine Russet is a later maturing, oblong-long, lightly russeted potato cultivar, notable for having tuber dormancy comparable to Russet Burbank. Processing quality of Alpine Russet from long-term storage is superior to Russet Burbank, with low percent reducing sugars and uniform fry color due to a low percentage difference of sugars between the bud and stem ends. Alpine Russet yields were comparable to Russet Burbank in early harvest trials and were comparable or significantly larger in late harvest trials depending on the location. At two late season locations, Alpine Russet had the largest total and percent No. 1 yields and the largest percent mid-range No. 1 tubers compared to Ranger Russet and Russet Burbank. It has moderately high specific gravity and is resistant to most external and internal defects. Alpine Russet has been evaluated in public and industry trials throughout the Western U.S. for over 15 years.
Introduction
Alpine Russet is a potato cultivar with light russeted oblong to long tubers. It is notable for its excellent processing characteristics and its extended tuber dormancy. The ability to store Alpine Russet for as long as Russet Burbank and produce a lighter colored fry gives this cultivar an advantage over Russet Burbank-the industry standard for long-term storage and processing. Alpine Russet originated in 1993 from the USDA-Agricultural Research Service Aberdeen, Idaho Potato Breeding Program. It was designated as A9305-10 upon selection from the progeny that resulted from a hybridization between breeding clones A8343-12 and A85103-3. Notable cultivars in its background include Green Mountain (released 1885, [Hils and Pieterse 2005] ), Butte (Pavek et al. 1978) , and Norgold Russet (Johansen 1965) on the maternal side and Maris Piper (released 1966, [Hils and Pieterse 2005] ) and Lemhi Russet (Pavek et al. 1981 ) on the paternal side (Fig. 1) . The selection of Alpine Russet in the field was made in 1995 and was entered into replicated yield trials in Aberdeen, Idaho in 1997. Subsequently it was trialed in Idaho, Oregon, and Washington in 2001 and in Western U.S. Regional Trials that included these states and also California, New Mexico, Colorado, and Texas in 2002 through 2004 . Trials included evaluations for yield, fertility, disease resistance, and post-harvest testing that included storage, processing, taste panels, and biochemical/nutritional analyses.
On the basis of its high percentage of U.S. No. 1 yields both in early and late harvests, its long dormancy, allowing storage periods equal to Russet Burbank, and its exceptional fry qualities after long term storage, Alpine Russet was released by the Northwest (Tri-State) Potato Variety Development Program Committee. The Tri-State program participants are the USDA-ARS and the Agricultural Experiment Stations of Idaho, Oregon, and Washington. Release documents for Alpine Russet were completed in 2008.
Cultivar Description

Plants
Alpine Russet has a semi-erect plant habit with open foliage and vine and stems clearly visible (Fig. 2a) . Maturity was approximately 130 days after planting (DAP) in trials conducted in the states of Washington, Oregon, and Idaho. This puts Alpine Russet in a late maturity class of 121-130 DAP compared to Russet Burbank which has a mid-season maturity class of 111-120 DAP. Stems and petioles have weak anthocyanin coloration and weak prominence of wings on the stem. Leaves are medium green with a lower density of trichomes compared to Russet Burbank, but trichomes for both are similar in length. Leaf silhouette is open with an average of four primary leaflet pairs and 6.4 secondary and tertiary leaflet pairs. The primary leaflets are small with a medium ovate shape, a cuspidate leaflet tip shape and an obtuse leaflet base. The terminal leaflet is medium ovate in shape, with an acuminate leaflet tip and an obtuse leaflet base with weak leaflet margin waviness (Fig. 2b) . Stipule leaf size is medium. 
Flowers
The shape of the Alpine Russet corolla is semi-stellate and the color is purple (76B on the royal Horticulture society Color Chart-RHSCC) with a violet-white halo (Fig. 2c) . Average number of inflorescences per plant is 3.9 (range 1-8) and florets 11.9 per inflorescence (range 5-22) . Anthocyanin coloration on the calyx is medium. Anthers are yellow-orange (14A RHSCC) and form a narrow cone. Pollen production from the anthers is abundant, allowing use of Alpine Russet as a male in hybridizations. Stigma color is yellow-green (146A RHSCC) and the shape is capitate. Berry production in the field is moderate.
Tubers
Tubers from Alpine Russet are russetted with light tan skin (164B RHSCC). Secondary skin color is not present. Tuber flesh color is white (158C RHSCC) with no secondary flesh color present (Fig. 2d, e) . Tubers are medium thick and the shape is oblong to long with an average length to width ratio of 1.7 compared to Russet Burbank with a ratio of 1.9. Eyes are shallow and eyebrows have a medium prominence with tubers having an average 14.8 eyes. Distribution of eyes is predominantly apical. Number of tubers is low with an average of 6.7 per plant. Alpine Russet has a long dormancy; 10 days longer than Russet Burbank in trials conducted at Kimberly, Idaho (storage at 5.5°C, dormancy break=80% tubers with visible sprouting).
Light Sprouts
Sprouts grown in the presence of light are ovoid in shape with the tip having an intermediate habit (Fig. 2f) . Some root initials are present on the sprout and there is weak pubescence on the sprout base and medium pubescence on the sprout tip. Coloration of the sprout base is medium redviolet, while the sprout tip is a weak red-violet.
Agronomic Performance
Alpine Russet had the highest total yield at all Tri-State trial locations and harvest dates and was significantly higher than Russet Burbank in two of the three late harvest locations. Alpine Russet percent U.S. No. 1 yields were higher than Ranger Russet and Russet Burbank at all locations for both early and late harvests and the Alpine Russet yields were always significantly higher than Russet Burbank (Table 1) . In early harvest Western Regional Trials at five locations conducted over a 2 to 3 year period, Alpine Russet total yields were similar and not significantly different than Ranger Russet and Russet Burbank. Percent U.S. No. 1 yields were always higher, but not significantly higher, except for at Malheur, Oregon with Alpine Russet having significantly higher percent U.S. No. 1 yield than Russet Burbank (Table 2 ). In late harvest trials at nine locations, Alpine Russet had statistically greater total yields than Russet Burbank at one location and Ranger Russet at two locations. The percentages of U.S. No. 1 were significantly higher than Russet Burbank in two of the nine locations (Table 3) .
In late season trials at Aberdeen, Idaho and Hermiston, Oregon in 2001, total yields for Alpine Russet were significantly higher than Ranger Russet and Russet Burbank at Aberdeen and were comparable but not significantly different at Hermiston (Table 4) . Alpine Russet had a significantly higher percentage of U.S. No. 1 yield than Ranger Russet and Russet Burbank at both locations. An examination of the tuber size distribution as a percentage of the total yield showed that Alpine Russet had the greatest mid-range size (114-340 g, significant at Hermiston). Alpine Russet oversize tuber (>340 g) yields were in-between Ranger Russet and Russet Burbank at both locations. At Hermiston, a longer growing season location, Ranger Russet oversize yield was significantly 
Tuber Quality Characteristics and Usage
Post-harvest Processing Evaluations
Rating scores from evaluations that include fry color, reducing sugar concentrations, specific gravity, and sensory evaluations of fried product by taste panel evaluators showed that Alpine Russet had the highest average score compared to Ranger Russet and Russet Burbank (Table 5) . These ratings were developed from samples grown in Washington, Idaho, and Oregon and then evaluated under the identical conditions at Pullman, Washington. Alpine Russet had the highest post-harvest merit scores regardless of where the tubers were produced.
Fry Color
Fry color of Alpine Russet, Ranger Russet and Russet Burbank was compared between the tuber's stem and bud end for tubers produced in Washington, Oregon, and Idaho using a Photovolt reflectance meter. Uniform fry color (defined as a change ≤9 units between stem and bud end) was obtained with Alpine Russet grown in Washington and Idaho, but not in Oregon. In Washington and Idaho, Alpine Russet had lower differential stem/bud readings compared to the standard cultivars (Table 6 ). An examination of the difference in the percent reducing sugars between the bud and stem end shows that Alpine Russet also had the smallest differences relative to the cultivar standards in all three states. A summary of Western Regional trial data averaged over 3 years for fry color shows that Alpine Russet had the lightest fry color when compared to Ranger Russet and Russet Burbank at two different storage temperatures Post-harvest evaluations and ratings were conducted at Pullman, WA using tubers from trials at Aberdeen, ID, Hermiston, OR, and Othello, WA. Values were assigned based on the sum of individual ratings for fry color from the field, after storage at 8.9°and 6.7°C (63 days; 0-5 scale), reducing sugar concentrations following 63 days storage at 8.9°a nd 6.7°C (1-5 scale), specific gravity (0-5 scale), and average sensory evaluations by taste panels (1-5 scale). Total scores are added based the following categories; 3-fry, 2-reducing sugar, 1-specific gravity, 1-sensory for a total of 7, and if all categories receive the highest score the sum is 35. Additionally ±3 points for uniform fry color are given for a highest possible value of 38 indicating the best result (Fig. 3) . At the lowest temperature (5.5°C), peak glucose concentration in Alpine Russet occurred at approximately 190 days after harvest in 2006-07 at 0.12%. Typically, Alpine Russet glucose concentrations remained near or below 0.10% at 5.6°C in all 3 years and near or below 0.05% at 7.2°and 8.9°C. The low levels of glucose were due to a low level of the sucrose hydrolyzing enzyme acid invertase. Alpine Russet had low basal acid invertase (enzyme activity in presence of acid invertase inhibitor protein) activity as compared to Russet Burbank (Table 8) . Invertase activity as measured according to McKenzie et al. (2005) methods. Low glucose concentration observed in Alpine Russet following long-term storage primarily reflects low acid invertase activity relative to Russet Burbank with inhibitors also contributing to a further reduction in enzymatic activity. The result is that even though Alpine Russet has the highest sucrose levels of the cultivars, the resulting glucose levels and therefore fry colors are the lowest and lightest, respectively (Table 11 ). The higher reflectance readings on the fry slices in Fig. 4 at 5.6°C correlate well with the lower percent glucose in Fig. 3 compared to Russet 
Specific Gravity
Alpine Russet had specific gravity similar to Russet Burbank with a mean in early harvest trials of 1.072 compared to Russet Burbank and Ranger Russet at 1.073 and 1.074, respectively (Table 2 ). In two separate late harvest trials the average specific gravity of Alpine Russet was 1.081 and Russet Burbank and Ranger Russet were 1.077 and 1.085, respectively (Tables 1, 3 ).
Tuber Defects
In 3 years of trials, Alpine Russet had consistently low incidences of growth cracks and second growth, with ratings which were approximately one point lower than Russet Burbank. Alpine Russet had blackspot bruising susceptibility similar to Russet Burbank and both were slightly more resistant to blackspot bruise than Ranger Russet. No incidence of hollow heart or brown center was noted for Alpine and Ranger Russet in the 3 years of trial (Table 9) .
Disease Response
Disease trials were conducted at Aberdeen, Kimberly, and Bonner's Ferry, Idaho and at Hermiston and Corvallis, Oregon (Table 10) . Data was from replicated trials over years and in some cases different locations. Comparison of the data and observations of the cultivars' reactions were used to assign susceptibility or resistance ratings.
Bacterial
Common scab trials were conducted at Aberdeen, Idaho for 5 years utilizing naturally occurring inocula with tubers visually rated for incidence, lesion type, and surface area covered. The incidence of serious defects was calculated from the number of tubers with a lesion type rating of 3 or higher representing lesions that were ≥0.6 cm and were raised or pitted (0-5 scale where 0 = no lesions). Alpine Russet was moderately resistant (defined as having lesions that are discrete and <0.6 cm) and was similar to Russet Burbank in the type of lesions and the amount of serious defects. Incidence of serious scab in Alpine Russet (average 1.4%) and Russet Burbank (average 2.7%) was much lower than Ranger Russet (average 48.3%). Soft rot evaluations were done at Aberdeen, Idaho for 3 years with washed tubers collected from replicated field trials. Soft rot inoculations were done with Pectobacterium atrosepticum from culture of a field collected isolate. Tubers were placed in a rotating drum lined with a medium abrasive paper and then tumbled for 30 s to provide uniform wounding. Samples were then dipped briefly in a diluted P. atrosepticum solution (6×10 4 cells/ml) and allowed to drain and were then put back into storage. One week post-inoculation, tubers were rehydrated and placed in a warm mist chamber at 18°C for approximately 1 week (time was determined by the amount of rot in the control samples). Alpine Russet was susceptible to soft rot, similar to Russet Burbank and slightly more susceptible than Ranger Russet.
Fungal
Verticillium and Early blight trials were conducted for 5 years. Verticillium wilt trials were done at Hermiston, Oregon and Aberdeen, Idaho utilizing naturally occurring inocula and visual foliage ratings. Early blight trials were conducted at Aberdeen utilizing naturally occurring inocula and visual estimations of leaf area with typical lesions.
Tubers were collected at harvest and after a three and a half month storage period were visually evaluated for early blight tuber lesions. Alpine Russet is susceptible to early blight of the foliage, moderately susceptible to early blight infection of the tuber, and is moderately resistant to Verticillium wilt.
Dry rot evaluations were done at Aberdeen, Idaho for 3 years with washed tubers collected from replicated field trials. Dry rot inocula from cultures of field collected isolates of Fusarium sambucinum and F. solani var. coeruleum were used to infect tubers by dipping a "wounding" tool with a set number of pins into solution with a concentration of 1.7×10 5 conidia/ml. This tool is then used to produce entry wounds in one end of the tuber with F. sambucinum and the other end is wounded with a tool carrying F.s.var. coeruleum. Before and after inoculation, the tubers are kept in 10°C storage. Approximately 4 weeks post-inoculation, tubers were cut and scored visually for dry rot. Three year averages indicate that Alpine Russet and Russet Burbank have similar susceptibility to dry rot caused by Fusarium sambucinum, both of (Ocamb et al. 2007 ).
In studies done at Kimberly, Idaho during the storage season, three replications of 11.3 kg of unwashed tuber samples from field run bulk harvested potatoes were dropped through a potato wounding box (Schisler et al. 2000) to simulate wounding that can occur at harvest and increase tuber susceptibility to dry rot infection. Tubers were inoculated by spraying each side with 0.8 ml of 1×10 5 conidia/ml (50/50 mixture of a benzimidazole resistant isolate and a sensitive isolate) of Fusarium sambucinum. Tubers were stored for 14 days at 12.7°C with 95% RH, and the temperature decreased 0.5°F/day until the final holding temperature of 7.2°C was reached. Tubers were sliced longitudinally into quarters and evaluated for percent incidence and severity of dry rot infection after approximately 100 days in storage. The average dry rot severity was significantly higher in Alpine Russet, at 19% versus 10% for Russet Burbank (P≤0.05). Incidence (rot >0%) was significantly higher in Alpine Russet, at 67% versus 55% for Russet Burbank (P≤0.05). Interpretation of results from these trials indicates that Alpine Russet has a dry rot potential equal to or slightly greater than Russet Burbank for F. sambucinum.
Oomycete
Late blight evaluations are as described by Mosley et al. (2003) using inoculations of US-8 isolates on spreader rows within the plots. Trials at Corvallis, Oregon were conducted for 5 years and rated visually for leaf area with typical lesions and percentage of tubers with late blight symptoms. Foliar readings taken at Oregon in 2003 showed susceptibility very similar to Russet Burbank. However, tuber late blight incidence was higher for Alpine Russet at 19% than for Russet Burbank at 10%, when Ranger Russet was 25%. Two years of replicated trials at Bonner's Ferry, Idaho also using inoculations of US-8 isolates on spreader rows within the plots showed no statistical difference between Alpine Russet and Russet Burbank in incidence of either foliar symptoms (68.8% vs. 74.4% respectively) or tuber blight (9.6% vs 15.4% respectively) with t-tests at P≤0.05. Results from these trials indicate that Alpine Russet is susceptible to foliar late blight at levels similar to or at slightly higher for tuber late blight than Russet Burbank.
Virus
Virus evaluations were done once in the field at Kimberly, Idaho and once in the greenhouse at Aberdeen, Idaho. At Kimberly, samples were grown in replicated field trials using mechanical inoculations for PVX and PVY and placement of green peach aphid (Myzus persicae) in PVY and PLRV infected spreader rows to provide aphid transmission of isolates as described by Corsini et al. (1994 . Corky ringspot evaluations were done in replicated trials for 2 years in a Tobacco rattle virus infested field in Prosser, Washington. Tubers were sliced into quarters and scored at harvest and 2 months after storage at 10°C for the presence of necrotic arcs or spots in the tubers, characteristic to the spraing symptoms caused by Tobacco rattle virus. Alpine Russet is susceptible to corky ringspot as evidenced by typical spraing symptoms at harvest. Nematode Susceptibility to root-knot nematode was evident in Alpine Russet in 2 years of evaluations in replicated trials in Meloidogyne chitwoodi infested field plots in Prosser, Washington. Tubers were scored at harvest for the presence of visible galls on the tuber surface. Galling was severe enough that no peeling was performed to ascertain infestation sites.
Biochemical and Nutritional Characteristics
Alpine Russet, Ranger Russet, and Russet Burbank tubers were assayed in biochemical and nutritional trials at Aberdeen, Idaho from 2002-2005 (Table 11 ). Samples were freeze-dried as whole tubers after 4 weeks in storage at 8.9°C. Observed results show that: Alpine Russet had higher levels of sucrose and lower levels of glucose than both Ranger Russet and Russet Burbank, protein levels were all within one percentage point for all three cultivars, vitamin C (ascorbic acid) content was highest for Ranger Russet, while Alpine Russet and Russet Burbank had lower, but similar levels, and total glycoalkaloid content was lowest for Alpine Russet at 2.5 mg/100 g. The critical threshold level for acceptable glycoalkaloid content is 20 mg/100 g tuber fresh weight. Bradford (1976) c Vitamin C (ascorbic acid) content in tubers was determined using a microfluorometric method detailed in the Official Methods of Analysis Handbook, 14th edition, sections 43.069-43.075 d Total glycoalkaloids was determined using the protocol of Bergers (1980) e FWB fresh weight basis, DWB dry weight basis the rotation. Row spacing was 91 cm and in-row spacing was 27 cm. Crops were irrigated to maintain available soil moisture above 65%. University of Idaho recommendations were followed for herbicide, pesticide, and fungicide applications. The N response study was conducted using five N applications rates (0, 101, 202, 303, 404 kg N/ha). Half of total Nitrogen was applied pre-plant with the remainder divided into three equal applications at 2 week intervals starting at tuber initiation. Pre-plant soil nitrate amount was 34 kg N/ha.
Management
Nitrogen requirements for Alpine Russet determined from these trials were about 15-20% less than for Russet Burbank to obtain similar yields. About 33-50% of the seasonal N requirements should be applied by row closure, with the remaining in-season applications being scheduled according to petiole nitrate concentrations, which are similar to those for Russet Burbank. For southern Idaho, total soil plus fertilizer N recommendations should range from about 224 kg N/ha where 45 mt/ha yield potential exists, 264 kg N/ha for 56 mt/ha yield potential, and 303 kg N/ha for 67 mt/ha yield potential. Nitrogen uptake decreased significantly after mid-August, so no N applications are recommended after that time.
Irrigation and Harvest Management
Alpine Russet required about 10% less water than Russet Burbank and was more resistant to water-stress induced tuber defects. Optimum available soil moisture was in the 65-80% range for best yield and quality. Plant water uptake decreased in late August; therefore irrigation rates should be adjusted according to soil moisture measurements to prevent disease and enlarged lenticels. Soil moisture conditions lower than 60% should be avoided during tuber maturation and harvest to decrease chances for tuber dehydration and blackspot bruising. Soil moisture should be reduced gradually in the few weeks prior to harvest and tubers handled carefully during harvest to limit wound induced diseases, shatter, and blackspot bruising. Alpine Russet tolerates harvesting in cool weather conditions relatively well, but care should still be taken to avoid harvesting when soil temperatures are below 7°C.
Storage Management
Alpine Russet is a long dormancy cultivar. On average, Alpine Russet has a dormancy length 10 days longer than Russet Burbank when measured in trials at Kimberly, Idaho. The time to Alpine Russet dormancy break was 185 days after harvest at 5.5°C, 165 days at 7.2°C, and 140 days at 8.9°C (dormancy break defined as 80% of tuber sprouts with pointed tips and elongated <5 mm). Dormancy for Alpine Russet is longer than for Ranger Russet and Russet Burbank. Alpine Russet sprout length after 7 months (3 months at 8.9°C and 4 months at 6.7°C) of storage is similar to or smaller than Russet Burbank. Sprout length for Alpine Russet and Russet Burbank was low and similar at Washington, Idaho, and Oregon after storage (Table 6) .
Total percent weight loss in Alpine Russet was not significantly different than Russet Burbank at 5.6°C or 7.2°C, however at 8.9°C, it was significantly higher (p≤ 0.01). On average total weight loss in Alpine Russet was 5.3%, 4.6%, and 8.0% compared to Russet Burbank weight loss of 4.4%, 3.6%, and 5.0% at 5.5, 7.2 and 8.9°C respectively.
Seed Availability
In 2010, seed of Alpine Russet was available from potato seed growers in Idaho, Montana, Minnesota, Nebraska, North Dakota, and Wisconsin. Small amounts of seed for research purposes can be obtained from the corresponding author. The University of Idaho, acting on behalf of the Northwest (Tri-State) Potato Variety Development Program, has filed an application for Plant Variety Protection for Alpine Russet, with licensing of this cultivar by the Potato Variety Management Institute (PVMI).
